To investigate the factors that influence the knowledge and behavior of professionals of neonatal and pediatric units about bundled strategies of insertion of central venous catheter. Method: This is a cross-sectional study, conducted in one neonatal and one pediatric intensive care units in a public hospital in Belo Horizonte, Brazil, from April to July, 2016. The sample consisted of 255 professionals who answered a structured instrument. Descriptive and comparative analyses were made using the SPSS software. Results: The category nursing professional (p = 0.010), working hours of 12×36 scale (p < 0.001), training as a form of acquiring knowledge (p < 0.001) and participation in training programs (p < 0.001) are associated to greater knowledge about the bundle. Regarding behavior, no significant associations were observed. Conclusion: The study showed that there are factors that influence the knowledge about bundled strategies of insertion of central venous catheter, reflecting the need to consider these practices for making more effective educational practices in health care.
INTRODUCTION
The use of central venous catheters (CVC), mainly peripherally inserted central catheters (PICC), is essential to assist infants and children admitted in intensive care units (ICU), since it enables the safe and continuous administration of intravenous fluids, especially of those that are vesicant or cause irritation to the intimate layer of veins, such as long-term parenteral nutrition, amines and antibiotics. Peripherally inserted central catheter devices are usually the first choice when considering centrally inserted catheters due to presenting smaller risks of complications when compared to others. Despite the benefits of this device, it presents different associated risks, including primary bloodstream infections (BSI), which are among the most frequent health care-related infections (1) (2) .
The invasiveness and complexity of this type of catheter demands specific scientific and technical knowledge from the multidisciplinary team for its insertion, maintenance and removal, thus preventing complications and providing safe and quality health care (1) . The PICC device must be inserted by a doctor or trained nurse.
Improper insertion and maintenance practices of CVC in a patient may contribute to the increase of infections and, consequently, of morbidity and mortality, hospitalization time and costs of hospitalization of pediatric and neonatal patients (3) . Studies show that the primary BSIs in pediatrics and neonatology range from 11.6 to 35.2 per 1000 catheter/day (3) , indexes that could be reduced through planning and systematic use of preventive measures, resulting in the reduction of infection rates associated with CVC and, consequently, improvements on quality and safety of health care (2, (4) (5) .
Among strategies developed to reduce the incidence of primary BSIs associated with CVC, the guidelines proposed by the Centers for Disease Control and Prevention (CDC) called Guidelines for the prevention of intravascular catheter-related infections (5) (6) , as well as bundled strategies, which foresee the use of three to five interventions with high evidence level that must be systematically applied by the team at every health care stage (5) (6) . When implemented simultaneously, these scientific-based interventions effectively reduce primary BSIs (2, 6) .
Care procedures foreseen in bundled strategies for CVC insertion are: hand hygiene; maximum barrier precautions (use of hat, mask, cloak, sterile gloves and large sterile fields); preparing the skin with 2% chlorhexidine; insertion site selection, avoiding the femoral site; and daily review of the need for CVC maintenance (7) (8) .
Ensuring patient safety in pediatrics and neonatology is critical to provide quality health care. However, despite the recommendation for the application of bundled CVC strategies, the occurrence of adverse events related to catheter infections is still found, being caused the combination work processes failures (8) (9) (10) (11) . Given this context, the following question arises: what factors may influence the knowledge and behavior of neonatal and pediatric units professionals regarding bundled strategies for the insertion of CVC? The emphasis of this study on primary BSIs derives from the wide use of this device in pediatric and neonatology units when compared to other CVC apparatuses due to lower chances of causing complications to patients.
Given the high rate of catheter-related sepsis in this type of study site, educating professionals of the area on the importance of the proper insertion and maintenance practice of CVC in pediatric and neonatology units is critical. The results of this study can also serve to guide the training of health professionals, aiming at safer health care procedures for infants and children using this device.
OBJECTIVE
To investigate the factors that influence the knowledge and behavior of professionals of neonatal and pediatric units about bundled strategies for the insertion of central venous catheter (CVC).
METHOD

Ethical aspects
This study was approved by the Research Ethics Committee of Universidade Federal de Minas Gerais. All ethical aspects were in accordance with the recommendations of Resolution No. 466 of December 12, 2012, of the Brazilian National Health Council. Data collection occurred through the signature of informed consent form, preserving the anonymity of the participants.
Design, study site, and period
This is a cross-sectional study, conducted in pediatric and neonatal intensive care units (ICU) of a hospital in Belo Horizonte, Minas Gerais, Brazil, a reference hospital in pediatrics in this state data were collected in the period from April to July 2016.
Sample
The target population of the study were medics, nurses and nurse technicians involved with insertion activities, maintenance of peripherally inserted central catheters (PICC) in pediatric and neonatal intensive care units (ICU). Professionals were selected from nominal listing provided by the heads of the two sectors (n = 270). Inclusion criteria were: performing health care activities related to the insertion and management of PICCs and being assigned to the mentioned sectors cited during the data collection period. Exclusion criteria were: professionals who were on maternity or work leave. The final sample were 255 professionals, considering 15 losses: two people who were on maternity leave and 13 people who refused to participate in the study.
Study protocol
For data collection, the instrument used was a questionnaire prepared by the authors, being based on the recommendations of the Guidelines for the prevention of intravascular catheter-related infections (5) . Prior to the application of the instrument on the sample, it was submitted to the evaluation of three experts, two masters and one PhD. Following, a pilot test was conducted with five professionals of the nursing team to verify the clarity and applicability of the instrument. Certain adjustments had to be done on the instrument regarding understanding difficulties of some items, which were exposed by the professionals who participated in the pilot test.
The instrument was thus divided into two parts, the first comprising demographic and professional characterizationconsidering the variables of gender, age, professional category, training time, unit of performance, time of performance in the institution, time of performance in the unit, work shift, working hours, employment regime, form of knowledge acquisition about the bundled strategy of insertion and participation in training programs on infection prevention. The second part comprised items that assessed the behavior about bundled strategies of insertion of central venous catheters (CVC), with the parameters: hand hygiene, assessment about the need for maintenance of the device, use of maximum protection barriers (hat, mask, cloak, sterile gloves and large sterile fields), insertion site analysis, avoiding the femoral region, antisepsis with antiseptic and alcohol-based chlorhexidine or povidone-iodine solution and waiting time of two minutes before insertion. All items were measured by Likert scale (1 = never, 2 = sometimes and 3 = always).
The question about self-reported knowledge -"How do you classify your knowledge about bundled strategies?" -was also structured in Likert scale (1 = great, 2 = good, 3 = little and 4 = none), was taken as an outcome variable for comparing professionals regarding their behavior about the bundled strategy for CVC.
Data were collected at the units considering the three shifts of team performance. The completion of this self-applicable questionnaire had an average duration of 10 minutes.
Analysis of results and statistics
Data were analyzed in the software SPSS, version 22.0, using descriptive, analytical and correlational statistics, considering a 5% significance level.
First, normality tests were performed and showed the continuous variables of the study as non-parametric. Thus, in the descriptive analysis of socio-demographic variables were used the median, its minimum and maximum values and percentiles for discrete variables and absolute and relative frequencies for categorical variables.
For comparative analyses, professionals in the sample were allocated primarily into two groups according to the self-reported level of knowledge about the bundled strategy: great/good (n = 203) and little/no (n = 52).
Comparative analysis between the occupational categories responsible for the insertion of the CVC were also conducted. In this case, to compare nurses (n = 47) and doctors (n = 26) of both sectors, a Chi-square test was used and, when appropriate, Fisher's exact test to compare the proportions and verify the associations.
Results are presented in tables.
RESULTS
In general, the study sample was composed of employees with statutory link (78%), working mostly during the night shift (45.9%), predominantly female (94.1%), with age ranging from 21 to 65 years (median = 36 years), operating mainly in neonatal intensive care unit (85.1%) and who had higher education training time for more than eleven years (46.7%).
Most professionals were vocational education-level professionals (nursing technicians), and higher education-level professionals (doctors and nurses) were 30.6% of the sample (Table 1) . Table 2 presents the comparison between the professionals who reported their own knowledge level as great/good and those who reported having little/no knowledge, according to the socio-demographic characteristics of the sample. Results indicate that the professional category, working hours, form of acquisition of knowledge and participation in training programs on the prevention of infections, were significantly associated (p < 0.05) to the knowledge level about bundled strategies. It was found that nurses reported highest percentage in great/good knowledge in relation to little/no knowledge (n = 47, 94.0%) when compared to nursing technicians (n = 137, 77.4%) and medics (n = 19, 67.9%).
Regarding working hours, it was found that professionals with 12×36 hours scale and 12-hour shift self-reported superior values of great/good knowledge when compared to those working 12×60 scale and 4-hour shift.
Additionally, 61.0% (n = 124) of the sample reported great/ good knowledge about bundled strategies through programs such as training during work, followed by lectures/courses (19.7%, n = 40) and books/journals (14.3%, n = 29).
Regarding professionals who reported knowledge deficit, it must be noted that 90.4% (n = 47) of them reported not having participated in infection prevention training programs.
Analyses of self-reported behavior of doctors and nurses about bundled strategies for CVC insertion showed that its implementation was homogeneously referred to among such professionals for all proposed security items, as shown in Table 3 .
From the results, it can be highlighted that all evaluated professionals reported to sanitize their hands before the procedure, as well as to perform the insertion using sterile gloves, mask and hat. Only one respondent reported not using surgical cloak. Regarding the verification of the need for the maintenance of the catheter in the patient and the concern to avoid the femoral site during its insertion, all professionals also reported always performing this action. It must be noted that nursing technicians were not included in these moments because they only participate during the catheter insertion.
Skin antisepsis was also reported by all professionals, having antiseptic and alcohol-based chlorhexidine as the most used -except for three respondents who reported using povidoneiodine solution in infants and children's skin. Regarding the wait of two minutes for the action of chlorhexidine, although it did not show significant difference among professionals, 25.5% of nurses and 34.6% of doctors reported performing such practice only a few times or not performing it at all. Regarding the daily verification of the maintenance of the catheter, all professionals reported performing such activity. Despite similar findings about the behavior in relation to bundled strategies of CVC insertion between both professional categories, other analyses comparing the knowledge of nurses and doctors found significant differences between the groups. Among nurses, 93.6% reported having great or good knowledge about bundled strategies when compared to 69.2% of doctors (p = 0.013). In addition, 46% (n = 23) of nurses reported having already participated in some type of training for infection prevention, whereas among doctors, only 21.4% (n = 6, p = 0.031) reported this.
DISCUSSION
Regarding the results of this study, it can be highlighted that nursing professionals showed good/great self-reported knowledge about bundled strategies. Different findings of other study, developed in a university hospital in Alexandria, Egypt, showed low knowledge of health care professionals regarding the prevention of central venous catheters and low compliance with standard guidelines for the device (12) . Another study conducted in a neonatal ICU in Belo Horizonte, 59 catheter insertions were observed and only three procedures followed all the recommendations of the bundled strategy of catheter prevention (13) . Thus, the authors showed the importance of the implementation and application of a set of measures and investment in staff training to reduce CVC infection rates. Consequently, a regular scientific-based program of continuing education with a focus on nurses, residents and doctors responsible for catheter insertion and maintenance is essential and can significantly reduce CVC infection rates (2, (12) (13) (14) (15) (16) .
Professionals who reported greater knowledge about the studied object stated that the training they underwent at the institution contributed to the acquisition of information. Thus, simulations for the health team responsible for CVC insertion, manipulation and the continuous monitoring of practices with the device, through the inclusion of a checklist, are important strategies for reducing primary BSIs (12) (13) (14) .
Regarding working hours, fewer knowledge about bundled strategies can be related to the team working 12×60 scales and 4-hour shifts. This suggests that the higher turnover of the team and the fewer working hours in the sector have direct influence on the care provided and increases the need for training and education investments for these professionals (6, 17) . In addition, training programs for nighttime professionals are relevant since these professionals are in greater numbers and have little turnover due to being public-sector workers. Regarding bundled strategies for CVC, the responsible nurses and doctors reported, with similar values in this study, that they ensure the performance of hand hygiene, the use of maximum barriers, the monitoring on the need for maintenance of the catheter and the sequence for skin antisepsis, in a consistent manner with the guidelines. In an observational study conducted in a tertiary care university hospital in Istanbul, Turkey, professionals were observed and, for 704 general compliance opportunities in total, only 37% (261/704) were followed. Compliance showed differences by occupational function, 41.4% and 31.9% for nurses and doctors, respectively, and the greatest frailty identified was the adherence to the practices of hand hygiene and the use of alcohol-based antiseptic solutions (15) .
The Brazilian Multimodal hand hygiene improvement strategy (Estratégia multimodal para a melhoria da higienização das mãos) emphasizes the importance of creating an environment that enables awareness of all people in the implementation of this practice as a top priority (14) . However, there are multiple pieces of evidence of low adherence to this procedure. Although the importance of the transmission of health care-related infections due to contact of the hands being accepted worldwide and having its effectiveness proven, compliance with the technical standards for its prevention is unsatisfactory (4, 9) .
Researchers highlight hand hygiene as a key point of bundled strategies for CVC insertion and state that the main micro-organisms that cause CVC-related infections come from the hands of professionals that handle such device. This preventive measure is associated with the reduction in the rates of infections related to the use of CVC (6, 11, (14) (15) .
Regarding the preparation of skin for the insertion of the device, this study found differences between the behavior of professionals when using antiseptic and alcohol-based chlorhexidine gluconate solution or just chlorhexidine. It is important to note that chlorhexidine gluconate is a low-toxicity antiseptic solution that has chemical affinity with skin and mucosa structures. Furthermore, this solution is widely effective against gram-positive and gram-negative bacteria, presenting bactericide and bacteriostatic action and also acting on some viruses, including HIV (18) . The addition of chlorhexidine to alcohol solution may result in residual activity and the microbial action of alcohol leads to the denaturation of proteins, impairing cellular functions (19) . A study conducted in a ICU points that professionals from the multidisciplinary team consider these as essential materials in the prevention of health care-related diseases and that factors such as lack of, waste and improvisation of materials contribute to non-compliance (20) .
The findings of this study are comparable to the findings of other studies conducted with professionals from adult ICU, which reported the knowledge and inappropriate behavior of the team about skin asepsis at even lower percentage values (38.77% and 49.9%, respectively) (21) (22) .
Regarding the monitoring for the maintenance of the catheter, this study showed that the entire team reported performing this action according to the guidelines. Thus, studies discuss and recommend the creation of a checklist for the assessment of the need for devices and daily rounds by the team to define the permanence of the catheter (23) (24) . Other studies have shown that actions -such as bundled strategies, training of professionals, promotion of a safety culture and its periodic review, monitoring of compliance with measures and monitoring of infection rates with feedback to professionals -are important strategies for reducing infection rates in ICU patients (24) (25) .
Study limitations
The assessment of knowledge and behavior through self-report and not through observation can be highlighted as a limitation of this study. Additionally, this is a cross-sectional study, which makes it impossible to identify the temporality of the associations presented in the results.
Contributions to the field of Nursing
Despite these limitations, this work advances in the perspective of new epidemiological information and in the analysis of data not yet fully explored on the correct insertion and maintenance of CVC in neonatal and pediatric units.
CONCLUSION
This study shows that the following factors influenced the knowledge about bundled strategies of CVC insertion: professional category, form of knowledge acquisition and undergoing previous training on infection control. This reflects the importance of specific training on the subject, as well as the need for permanent education, focusing on occupational categories more vulnerable to adverse events and with low levels of self-reported knowledge.
The behavior of professionals when considering bundled strategies of insertion showed no statistically significant difference between doctors and nurses; on the other hand, these results report the wide adherence to bundled strategies.
The need of promotion for the effective implementation of the safety culture in these units can be noted, seeking to reduce the number and severity of adverse events in children and infants.
